Abstract Forest managers are beginning to experiment with assisted migration (AM), the intentional movement of organisms to areas outside their historic range, as a pre-emptive adaptation to climate change. To date, AM studies have focused on species conservation, while AM in forestry has received little attention. Using Manitoba, Canada, as our study area, we developed a two-stage framework to evaluate North American tree species as AM candidates. Little's (1971) range maps were used to characterize climatic ranges for 87 species, and GCM projections under RCP8.5 estimated potential future tree distributions for 2011-2040, 2041-2070, and 2071-2100. Traits for the resulting 26 candidate species were evaluated in eight categories, each divided into several response factors, to investigate management potential, adaptation and interspecific interactions, vulnerability to pests, diseases and natural disturbance, and range of soil conditions tolerated. Multivariate analyses were used to classify species into groups characterized by different combinations of management potential, tolerance for climate extremes, and relative vulnerability to disturbances, insects, and disease. These groupings could be used by managers in a variety of applications-commercial forestry, urban forests, or restoration-as an initial selection filter for AM candidates. Separate uncertainty scores in each category should allow users to independently judge the quality of information contributing to a given category. Although our framework was regionally focused, it could be readily adapted to selecting AM candidates elsewhere. We recommend that the framework be further field tested among different practitioners, modifying, editing, and adding to the list of categories and factors, as needed.
Introduction
Confronted by evidence that forests are responding to anthropogenic climate change (Allen et al. 2010; Parmesan and Yohe 2003) , forest managers and ecologists are embracing management strategies to promote Bclimate-resilient^forests (Park et al. 2014; Williams and Dumroese 2013) . One such strategy is assisted migration (AM, also called managed relocation or assisted colonization, Ste-Marie et al. 2011) , which refers to the intentional movement of organisms (whether trees, animals, or crops) to areas outside their historic range. In the climatic context, AM involves the movement of genetic material to locations where the future environment is expected to become favorable for a given organism (Minteer and Collins 2010; Williams and Dumroese 2013) .
Most AM research to date has focused on rescuing endangered species or securing the conservation of valued ecosystems (Hoegh-Guldberg et al. 2009; McLachlan et al. 2007; Sanders and Grochowski 2013; Sax et al. 2009; Schlaepfer et al. 2009 ). These projects are driven by the fear that vulnerable or rare organisms will be unable to track climatically induced habitat shifts (Fox 2007; Williams and Jackson 2007) . Until recently, the use of AM in managed forests received little attention, even though foresters have been moving tree varieties and species around the globe for centuries. But, as the far-reaching ecological effects of climate change have become apparent, managers, government agencies, and companies have begun to investigate AM as a strategy to foster resilience and productivity in managed forests Williams and Dumroese 2013; Winder et al. 2011) .
In the forestry context, AM can refer to (i) moving genetic material from one population center to another (assisted population migration or APM); (ii) the introduction of a species slightly beyond its current range (assisted range expansion-ARE); or (iii) moving species far outside of their current range (assisted species migration-ASM) (Williams and Dumroese 2013) . While conservation AM focuses on ASM, Pedlar and colleagues differentiate forestry AM from species-rescue AM, and describe APM as the current focus of forestry AM (Pedlar et al. 2012) . Pre-existing geographical seed zones therefore provide a baseline that can be modified to accommodate APM, as has already been done in Quebec British Columbia (O'Neill et al. 2008) .
For managers considering AM, uncertainties about climate sensitivity (IPCC 2013) are compounded by incomplete knowledge of the likely responses of trees and forests to future warming (Bolte et al. 2006; Park et al. 2014) . Model-based predictions portray large-scale geographic shifts of habitat envelopes, and even wholesale movements of forest biomes (Flannigan and Woodward 1994; Scholze et al. 2006) . By contrast, dispersal constraints (Matthews et al. 2011 ) and the inertia of plant communities to invasion (Hewitt and Kellman 1998) are likely to prevent tree species migration keeping up with the current pace of climate change (Sittaro et al. 2017) . Although tree species distributions are correlated with climate (McKenney et al. 2007 ), we lack rangewide data on some traits that are crucial to their establishment and survival. For example, understanding of the impacts of AM on phenology (Basler and Körner 2012) and drought sensitivity (McDowell et al. 2011 ) is far from complete.
Community interactions and natural disturbances must also be accounted for if ARE or ASM results in novel species or varieties being introduced into existing forest ecosystems. Novel or no-analog species associations existed in post-glacial ecosystems (Jackson 2004; Overpeck et al. 1992 ) and may be favored in the future as climate change differentially modifies species growth and survival. Local interactions between individual trees modulate ecosystem responses to larger scale climatic change (Caplat et al. 2008; Clark et al. 2014) . Changing disturbance regimes, such as increased fire frequency or enhanced drought severity, will selectively affect growth and survival in different members of the tree community (Cavin et al. 2013; Wurzburger and Miniat 2014) . Given this incomplete knowledge, well-intentioned AM schemes may fail (Benito-Garzon et al. 2013; Whittet et al. 2016) . There is therefore a need to develop frameworks to evaluate the risks and benefits of introducing novel populations or species into managed ecosystems.
Objectives
In this paper, we develop a framework to evaluate the potential advantages and risks of using AM on a suite of temperate and boreal tree species. Two basic types of evaluation framework have been developed: (i) decision tree frameworks in which yes or no answers progressively lock the evaluator into particular decision pathways (Hoegh-Guldberg et al. 2009; Reichard and Hamilton 1997) , and (ii) multidimensional frameworks that evaluate AM candidates holistically, based on ecological, economic, or social axes of variation (Bagne et al. 2011; Richardson et al. 2009; Young et al. 2012) . Matthews et al. (2011) developed criteria to evaluate tree vulnerability and dispersal limitation under climate change. As far as we are aware, however, only one evaluation framework to evaluate AM potential in forest trees has been produced (Thorpe et al. 2006) . These authors adapted Reichard and Hamilton's (1997) decision tree for screening invasive species to the evaluation of forestry AM candidates. Richardson et al. (2009) argued that the ecological and social complexity of AM decisions cannot be captured by dichotomous trees of this type. We therefore developed a multidimensional framework to evaluate AM potential in tree species, with specific reference to Manitoba, Canada. Our framework did not discriminate between potential end uses for species, but we anticipate that it will provide a useful baseline evaluation for foresters, restorationists, and urban forest managers faced with AM decisions.
Methods

Climate envelopes
Preliminary screening of AM candidates was done by generating climate envelopes (CE) for 87 temperate or boreal North American tree species, and projecting these envelopes into the future using an ensemble of general circulation models (GCMs). We downloaded polygon shapefiles for each species based on Little's (1971) range maps for North American trees and shrubs (Thompson et al. 1999) . Range polygons were then overlaid with a grid of recent climatology derived using Parameter Regression of Independent Slopes Model (PRISM) interpolated on a 1-km 2 grid (AdaptWest Project 2015). Climate variables were annual snowfall, mean temperature of the coldest month, summer (June, July, and August) precipitation, mean temperature of the warmest month, and annual growing degree days (GDD) on a 5°C baseline. These variables are known to be biologically important and to have relatively low collinearity (Gray and Hamann 2012) . We truncated climate coverage in Little's polygons to span the joint 5th to 95th percentiles of the climatic variables to exclude probable marginal habitats.
The same climate variables were used to prepare CE projections for 2011-2040, 2041-2070, and 2071-2100 . Projections were prepared under representative concentration pathway 8.5 (RCP8.5) in an ensemble of 15 GCMS from the Coupled Model Intercomparison 5 (CMIP5) project (Knutti and Sedlacek 2013) . We chose RCP8.5 because, although it is the most severe of four scenarios described by the Intergovernmental Panel on Climate Change (IPCC), current emissions trajectories track above this pathway (Sanford et al. 2014) . The model ensemble comprised CanESM2, ACCESS1.0, IPSL-CM5A-MR, MIROC5, MPI-ESM-LR, CCSM4, HadGEM2-ES, CNRM-CM5, CSIRO Mk3.6, GFDL-CM3, INM-CM4, MRI-CGCM3, MIROC-ESM, CESM1-CAM5, and GISS-E2R (model data from the AdaptWest Project 2015). Climate envelopes and projections were coded using Interactive Data Language software (Harris Geospatial Solutions 2017).
Evaluation framework
Our evaluation framework was modified from the conservation framework designed by Bagne et al. (2011) . Eight broad response categories were selected to reflect (i) management potential and risks and (ii) environmental and biotic determinants of tree establishment, growth, and survival (Table 1) . Categories were management feasibility, potential invasiveness, biotic interactions (hybridization and interspecific relationships), numbers and severity of insect pests and diseases, response to climate extremes, breadth of soil conditions, and susceptibility to fire and windthrow. Each category was subdivided into three to six response factors, which dealt with specific aspects of the category in question (e.g., ease of propagation, bark vulnerability to fire, pH tolerance). Most factor values were assigned to ranges of − 1 to + 1 or − 2 to + 2, depending on the relative quality of information available. Positive values generally indicated lower potential risk to either the receiving environment or the AM candidate. For soils, however, positive values indicated that a species occupied a broader range of conditions whereas negative values implied that species thrived under relative narrow conditions. Several factors, which were naturally binary in nature, were assigned scores of either ± 1 or 0.
Preliminary values for each factor were determined through literature review (e.g., Burns et al. 1995) and access to a variety of databases (e.g., Kattge et al. 2011; Niinemets and Valladares 2006) . They were then discussed, assessed, and modified in consultation between the authors and another forestry expert. Because the number of response factors varied among response categories, they were standardized to calculate final category scores that could be compared directly (Eq. 1).
where S c is the score for category Bc^, x i and y i are the positive and negative scores for a factor, k is the standardization factor, set at 5 for this study, and p c and n c are the numbers of questions that could result in positive or negative scores for category c. There were 38 questions with 34 potential positive responses (X i ) and 37 potential negative responses (Y i ). An overall suitability score for each species was therefore calculated as: where O c is the overall score and its standardization factor was 40 (5 × 8 categories). Thus, overall scores could vary from − 40 to 40. Where traits are collected from multiple sources, discrepancies in trait estimates may arise. We therefore estimated the degree of uncertainty around each factor based on the number of available sources, discrepancies between sources, and whether the data pertained directly to the species under consideration or to a related, surrogate taxon. Taking these lines of evidence into account, uncertainty was assigned subjectively to a 0 to + 1 scale by consensus among the authors and another expert. Higher values represented greater uncertainty. Percent uncertainty in each category was the sum of the uncertainty scores divided by the number of factors within the category multiplied by 100.
Data analysis
Response categories, uncertainty values, and total scores were summarized graphically and further explored using non-metric multidimensional scaling (NMDS) and cluster analysis to identify general groupings of species. NMDS is an iterative search for the positions of species in ordination space that minimizes stress in the final solution. Stress, roughly defined, is the degree to which the reduced (k-dimensional) distances depart from the original p-dimensional space (McCune and Grace 1999) . NMDS was performed on a Euclidean distance matrix to summarize multivariate variation of ranked response categories among species. Bootstrapped cluster analysis, using Ward's method with Euclidean distances between species, was used to find coherent groups of species sharing similar trait spectra. Multiscale bootstrap resampling of the clustered data was used to calculate approximately unbiased (AU) and bootstrapped probability (BP) p values for each cluster. The AU method, which repeatedly resamples the raw data, using a different-sized subsample for each bootstrap, generally yields more robust p values (Suzuki and Shimodaira 2006) . All analyses were done in the open-source software R (R Development Core Team 2014). NMDS was done using metaMDS in the Vegan library (Jari Oksanen et al. 2013) , while the bootstrapped cluster analysis was generated in pvclust (Suzuki and Shimodaira 2006) .
Results
Climate envelope analyses
All temperature variables were projected to increase across Manitoba between the late twentieth and twenty-first centuries, while precipitation generally decreased. For example, mean temperature of the warmest month was projected to increase by 6.3°C (95% CI = 5.8-7.0°C) between 1981 and 2010 and 2071-2100. GDD ≥ 5°C increased by 994 days (95% CI = 757-1224 GDD), and summer precipitation declined by 14.8 mm (95% CI = −3 to − 27 mm) (see S1).
Climate envelope projections showed suitable climatology within Manitoba for 26 of 87 tree species during at least one period during the twenty-first century. These species came from 11 families, representing hardwoods (16 species from eight families) and conifers (10 species from three families). Seventeen species already had distributions within Manitoba, although some (e.g., white pine, Pinus strobus L., and ironwood, Ostrya virginiana (Mill.) K. Koch) have very marginal Manitoban ranges.
Several different patterns of projections were observed in the 26 species. Current climates for boreal species such as jack pine (Pinus banksiana Lamb.), black spruce (Picea mariana (Mill.) B. S. P.), and trembling aspen (Populus tremuloides Michx.) were projected to retreat considerably northwards while maintaining a trans-continental range (Fig. 1, S2 ). Several species with marginal current ranges were projected to have scattered, transient patches of suitable climate during the twenty-first century (e.g., red pine, Pinus resinosa Ait.). Some hardwood species from southern Manitoba (e.g., American elm, Ulmus americana L., and bur oak, Quercus macrophylla Michx.) were projected to increase their potential Canadian range by 2100. Others (e.g., black cherry, Prunus serotina Ehrh.) were projected to have marginal distributions that just crossed the eastern border between Manitoba and Ontario. Several hardwoods with widespread distributions in eastern forests (e.g., red oak, Quercus rubra L.) had projected climatologies marginally distributed in western Ontario but not crossing into Manitoba, and these were excluded from subsequent analyses.
Evaluation framework
The final NMDS solution had k = 4 dimensions that reduced total stress to 0.056, indicating strong preservation of the original species-category structure in ordination space. The first axis (NMDS1) contrasted several species with high positive management scores but significant vulnerabilities to fire and wind, as well as potentially invasive behavior with those that were least likely to be invasive ( Fig. 2a,b; Fig. S3 ). NMDS2 contrasted a group of (mostly) hardwood species that were robust to climatic extremes with species having moderate climatic vulnerabilities but relatively high management scores. NMDS3 and 4 separated species with positive management scores or which were robust to fire and wind effects from a broader group of species tolerant of a broad range of soil conditions (Fig. 2b, Fig. S3 ).
The NMDS results were supported, in part, and clarified by the results of the bootstrapped cluster analysis. Six clusters were identified with splits at approximately unbiased (AU) p values of 0.9 or greater (Fig. 3, Fig. S3 ). Collectively, these clusters contained 18 species, while seven hardwoods and one conifer (black spruce) could not be assigned to a particular Reading from left to right in Fig. 3 , the first significant cluster included lodgepole pine (Pinus contorta Dougl. ex. Loud.), tamarack (Larix laricina (Du Roi) K. Koch), and black willow (Salix nigra Marsh.), which shared relatively high positive scores for management feasibility and robustness to climatic shocks. In group 2, Jack pine and eastern cottonwood (Populus deltoides Bartr. ex Marsh) had relatively high management feasibility but low positive or negative scores in most other categories. Group 3 contained white pine, red pine, eastern white cedar (Thuja occidentalis L.), and basswood (Tilia Americana L.). These species generally scored positively for management, interactions with other species (i.e., they are known to form mixed stands), and insect damage (relatively few or minor pests), but generally grew under a narrow range of soil conditions. Group 4 (trembling aspen, balsam fir (Abies balsamea (L.) Mill.), and white spruce (Picea glauca (Moench) Voss) also had positive management scores but scored negatively in most Fig. 2 a Sample bar charts illustrating category scores, total score, and uncertainty estimates in four of the 26 species retained for analysis. See S3 for the full set of summary charts. b Non-metric multidimensional scaling (NMDS) biplots for 26 species (black text) and eight category variables (gray italics). NMDS1-NMDS4 indicate the four axes of the ordination. Species are identified by the first three letters of their genus and species names: Abibal, Abies balsamea; Aceneg, Acer negundo; Acerub, Acer rubrum; Acesac, Acer saccharinum; Betall, Betula alleghaniensis; Betpap, Betula papyrifera; Carcal, Carpinus caroliniana; Franig, Fraxinus nigra; Frapen, Fraxinus pennsylvanica; Larlar, Larix laricina; Ostvir, Ostrya virginiana; Picgla, Picea glauca; Picmar, Picea mariana; Pinban, Pinus banksiana; Pincon, Pinus contorta; Pinres, Pinus resinosa; Pinstr, Pinus strobus; Popdel, Populus deltoides; Poptre, Populus tremuloides; Pruser, Prunus serotina; Quemac, Quercus macrocarpa; Salnig, Salix nigra; Taxcan, Taxus canadensis; Thuocc, Thuja occidentalis; Tilame, Tilia americana; Ulmame, Ulmus americana. Evaluation categories: manage, ease of management; climate, climate extremes; invasive, risk of invasive behavior; interac, biotic interactions; insect, number and severity of insects; disease, number and severity of diseases; fire.wind, disturbance;soil, breadth of soil conditions other categories, especially fire and wind vulnerability, insect and disease damage, and invasiveness. Group 5 (American elm, silver maple (Acer saccharinum L.), and black cherry) had strong positive scores for management and species interactions, and moderately or strongly positive scores for soil conditions. Finally, group 6 (green ash (Fraxinus pensylvanica Marsh.), yellow birch (Betula alleghaniensis Britton), and ironwood) had moderately to strongly positive scores for climate and low positive scores for management, but negative scores in most other categories.
Total scores and uncertainty
Although species could potentially achieve total scores of + 40 or − 40, calculated total scores fell in the range − 7.64 to + 10.02, with a mean score of just over 1 (S3). Eight Manitoba species were ranked among the top ten species for overall AM suitability. Other than this, highly ranked species shared few characteristics. Several were tall with high management feasibility, and all had high positive scores in at least three of eight categories (examples in Table 2, S3 ). An exception was bur oak, which scored 0 for management but had high positive scores for invasibility (i.e., unlikely to invade), robustness to wind, long (or absent) fire return interval, and tolerance of a range of soil conditions. By contrast, American elm's positive score was mostly due to high management feasibility and ability to grow in mixed communities, as well as wide-ranging soil tolerance. Fig. 3 Cluster analysis by Ward's minimum distance method on a Euclidean distance matrix. Approximately unbiased (AU) p values (left-hand numbers at the branches) were calculated using multiscale bootstrap resampling, which resamples data subsets that vary in size. Groups were assigned based on 10,000 randomizations. The AU p value is thought to have less bias than the ordinary bootstrap probability and was used as the basis of the groupings bounded by dotted rectangles, which surround branches considered to be significantly similar at p ≥ 0.9. Species acronyms are as for Fig. 2 Lower ranked species had negative scores in a majority of categories. Even where management feasibility was positive and high (e.g., balsam fir), negative-scoring species scored negatively for several of vulnerability to fire and wind, disease, insects, or invasiveness (e.g., paper birch (Betula papyrifera Marsh.), trembling aspen, jack pine) ( Table 2, S3) .
Uncertainty was usually low for management feasibility, especially for species with a history of commercial exploitation, for which nursery and other management practices are well-developed. For hardwoods with little or no such history, management uncertainty could be high (e.g., American hornbeam (Carpinus caroliniana Walt.) and ironwood). Other sources of uncertainty stemmed from ambiguity in written descriptions of characteristics, or disagreement between two or more sources of data (S3).
Discussion and conclusions
Selecting species for AM
Our two-stage evaluation process yielded 26 potential AM candidates, 18 of which were grouped by bootstrapped cluster analysis according to different combinations of positive and negative category scores. Species with high scores for management and robustness to climatic shock (e.g., group 1, and perhaps, group 6 in the bootstrapped cluster analysis) ought to be prime candidates for AM. As reflected in the relatively low total scores (≤ 10 out of 40), however, all species had low or negative scores in several categories, some of which could pose potential challenges to their deployment.
This observation implies that evaluation frameworks such as ours cannot be used as formulaic cookbooks for selecting AM species. Rather, they should be seen as useful templates for outlining the merits and demerits of different species, and their findings must ultimately be filtered through the knowledge and experience of land managers. Total scores may therefore provide a poor basis for decision making, because they may mask positive or negative scores traits that are of key interest to managers. A case has therefore been made that evaluation categories should be considered individually to facilitate full understanding of the AM potential of a species (Matthews et al. 2011) , and this is the general approach we took here.
Because category scores are arithmetic sums of standardized response factors, a detailed consideration of factor scores may be necessary for making final decisions about AM candidates (see S4 for complete results). An examination of pest and disease categories used in our study tended to confirm this view, and the value of expert knowledge in making final decisions. American elm, for example, had slightly and moderately negative scores for insect diseases, respectively. And yet, American elm is well known to suffer terminal decline after being infected with the wilt fungus (Ceratocystis ulmi) that causes Dutch elm disease (DED). Inoculation against DED available for healthy elms (Postma and Geijn 2016 ) moderated this negative disease category score. Research into resistant elm clones is ongoing (Townsend et al. 2005) , but elm's vulnerability to DED will continue to be a serious consideration for managers seeking to deploy this species in urban or riparian settings. Similarly, green ash had a moderately negative score for insect damage, but is critically vulnerable to the emerald ash borer (Agrilus planipennis), an insect pest currently absent in Manitoba, but expected to arrive there soon (Parks and Open Space 2017) . Juvenile and pole stages of eastern white pine, a species with a zero category score for insect resistance, are susceptible to white pine weevil (Hylobus pales). Weevil attacks are seldom fatal, but cause warped growth and consequent loss of timber quality. White pine are not planted in commercial timber operations on some otherwise suitable sites for that reason.
The purpose for which AM candidates are to be planted will also modify our perceptions of category and factor scores. Mid-ranked or low-ranked species might be highly desirable in some circumstances. Bur oak, for example, has few commercial uses and scored zero for management potential, but is a key riparian species in southern Manitoba that is of immense value to wildlife. This wide-ranging species, which is tolerant of a wide range of soil conditions, would therefore be an obvious candidate for use in riparian restoration. Silver maples also have no current commercial applications in Manitoba, but are valuable boulevard trees that have been planted in Winnipeg's urban forest in spite of being Bout of range^(Andrew Park, personal observation). As climate change continues, silver maple may be planted more widely in urban forests because of its relative ease of management and robustness to climatic extremes.
Climate envelope models
The climatic variables that we used as the first filter on candidate AM species were overlaid on Little's (1971) range maps (Thompson et al. 1999 ). These range maps are polygons stored as GIS shapefiles. Species are assumed to be present inside the polygon and absent outside of it. For this reason, we could not estimate species importance values (Matthews et al. 2011) or statistical variability across envelope projections, as can be done for jurisdictions with extensive networks of permanent plots (e.g., Gray and Hamann 2011). However, since our primary objective was to test the evaluation framework on a plausible suite of candidate species, we considered our simple climatic overlays to be adequate for that purpose.
Our CE projections used RCP 8.5 from CMIP 5 (Knutti and Sedlacek 2013), a pathway that could be described as a worst case scenario. Given the political uncertainties at the time of writing and the fact that absolute atmospheric CO 2 concentrations (and their rate of increase) continue to rise unabated (NOAA 2017), the use of RCP 8.5 seems justified. This scenario produced substantial increases in growing degree days (GDD), but these were offset by reductions in precipitation that would likely lead to even greater reductions in soil moisture. The species analyzed in this paper were therefore selected using relatively conservative criteria, and a lower RCP may have produced a larger suite of species, but at potentially greater climatic risk.
Comparisons with other frameworks
Our multidimensional evaluation framework was modeled broadly on the conservation framework of Bagne et al. (2011) . These authors focused on the vulnerability of animal species to climate change using species habitat, physiology, phenology, and biotic interactions as categories. Richardson et al. (2009) also presented a conservationfocused multidimensional framework that incorporated socioeconomic considerations and contrasting stakeholder perspectives. The only other multidimensional framework of which we are aware (Matthews et al. 2011 ) was used to modulate the results of CE models to reflect vulnerabilities and dispersal limitations that would potentially be encountered by trees undergoing natural migration under the influence of ACC.
Other evaluation frameworks use a dichotomous tree approach and are primarily targeted at evaluating invasiveness and other deleterious effects of accidental (Reichard and Hamilton 1997) or intentional (Thorpe et al. 2006) introductions. The risk of invasive behavior following AM has sparked heated debate among conservation biologists (e.g., Minteer and Collins 2010; Sax et al. 2009 ). In forestry applications, however, invasiveness and successful establishment may look remarkably similar. Invasiveness following intracontinental movements of species, as contemplated in this paper, is much less common than invasiveness following movement between continents (Aubin et al. 2011) and is even rarer among forest trees ). In our study, 17 species scored negatively in the invasiveness category, and a number of these (e.g., jack pine, trembling aspen, black spruce, yellow birch) have current or potential commercial uses in Manitoba. It should also be noted that invasiveness scores were based on small seed size, long-distance dispersal, and capacity for vegetative, rather than on actual records of invasive behavior (S4).
Conclusions
We developed a two-stage evaluation framework to assist forest managers, urban foresters, and restorationists in the task of choosing potential candidate species for AM into a particular jurisdiction: Manitoba. Standardized category and factor scores allowed us to classify 18 of 26 candidate species into coherent groups with shared advantages and vulnerabilities. Species tolerant of both fire and climate extremes, and fire-resilient species with high management potential, may be particularly strong candidates for AM, while those with greater vulnerability to climate extremes, insects and diseases, or fire may be less suitable. Final decisions will, however, depend on the anticipated end uses for AM candidates as well as the personal weightings that managers may have for different categories and factors. For example, some fire-vulnerable species with poorly developed management protocols are valuable boulevard or restoration AM candidates.
Although our study has a regional focus, the questions that we asked would be relevant to the selection of trees as AM candidates in other jurisdictions. Nor should the response categories and factors reported here be considered an exclusive list. Future research should field test this evaluation framework among a wider circle of managers and stakeholders, modifying, editing, and adding to the list of categories and factors that are assessed, as needed.
